Interaction of oxygen free radicals and cardiac sarcoplasmic reticulum: proposed role in the pathogenesis of endotoxin shock.
An initial event in gram-negative bacteremia is activation of the complement cascade with production of C5a. C5a, in turn, acts as a chemotactic stimulus for leukocytic aggregation and, in conjunction with bacterial products, stimulates the release of oxygen free radicals from leukocytes. We have hypothesized that these oxygen free radicals (.O2-, superoxide anion; .OH, hydroxyl radical; H2O2, hydrogen peroxide) contribute to the characteristic myocardial dysfunction of endotoxin shock, Isolated canine cardiac sarcoplasmic reticulum (SR) was used as a subcellular determinant of mechanical function. SR was incubated for 20 min at 37 degrees C in the presence of phorbol myristate acetate activated leukocytes (A-L) and calcium uptake and Ca2+-adenosine triphosphatase (ATPase) activities were measured. Activated leukocytes significantly depressed SR Ca2+ uptake rates (C = 1.12 +/- 0.05 mumol CA2+/mg-min; A-L = 0.73 +/- 0.05). The addition of catalase (CAT; 10 micrograms/ml) or superoxide dismutase (SOD: 10 micrograms/ml) plus CAT reversed the inhibition of SR Ca2+ uptake. SOD further depressed SR Ca2+ uptake (+SOD = 0.55 +/0 0.04 mumol Ca2+/mg-min). Mannitol had no effect. SR ATPase activity was inhibited with A-L (C = 1.41 +/- 0.04 mumol Pi/mg-min; A-L = 0.84 +/- 0.09). Neither mannitol, nor SOD nor CAT alone had any effect on the depression of SR ATPase activity. SOD plus CAT reversed the ATPase depression induced by A-L. It is concluded that phorbol myristate acetate activated leukocytes via free radical-mediated mechanisms can directly affect function and activity of the excitation-contraction coupling system of cardiac muscle. Free radical scavengers identified hydrogen peroxide as a major mediator of depressed Ca2+ uptake rates. In conjunction with the superoxide anion, hydrogen peroxide contributes to the depressed ATPase activity.